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ABSTRACT

This research work was conducted to find out nucleotide variations in the pre-S2 region of the two
clinically diagnosed Surface Antigen of Hepatitis B Virus (HBsAg). Pre-S2 region nucleotide sequence of
the sample MR02 was found completely homologous with the Pre-S2 region of already reported subtype
“adr4”. This sample showed 1.2 to 20% variation with the other reported sequences. Nucleotide sequence
of the Pre-S2 region of the second sample MRO03 does not show 100% homology with any of the reported
sequences. It differs 2.4 to "18.8 % from the other reported sequences. Further it was established that
MRO02 and MRO3 nucleotide sequences differ from one another at four positions, all substitutions. The
first difference is observed at 87" base where there is “C” residue in MR02 DNA sequence and an “A”
in MR0O3 DNA sequence. The 2™, 3" and 4" difference is at base number 116, 137 and 146 respectively.
In all the cases “C” residue in MRO02 sequence is replaced by “T” residue in MR03 nucleotide sequence.
The first change at nucleotide level does not cause any change at amino acid level, while the 2™, 3" and 4®
substitutions at nucleotide level results an amino acid change. The phylogenetic studies established that
the Pakistanian HBV Isolates closely resemble the “adrq” strain belonging to “adr” subtype. The study
showed that the pre-S2 region is hypervariable and two reported sequences show 100% homology and
thus cause change in the structure of Hepatitis B Surface Antigen (HBsAg). This variability reduces the
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efficacy of vaccines prepared to a particular clone of HBV isolates.

iral hepatitis, especially caused by infection with

hepatitis B virus (HBV), is a major public health
problem. HBV is a significant cause of post transfusion
hepatitis and a major cause of chronic hepatitis and
hepatoma in South Asia and Japan (Ngaira et al., 2016).
In Pakistan studies have shown 10 to 30 % endemicity
(Mahmood et al., 2016). Almost 62% of the liver cancers
in Pakistan are due to hepatitis B virus infection (Shah and
Shabier, 2002). In Karachi 15 to 25 % of the population
is HBsAg positive (Mahmood et al., 2016). Hepatitis B
is 100 times more infectious than AIDS and responsible
for 1-2 million deaths per year worldwide (Zakhari, 2013).

HBYV was first discovered in 1965 (Blumberg ef al.,
1965). It is the smallest known DNA virus about 42 nm
in diameter. HBV consists of a core containing the viral
genome (about 3200 base pairs) bound to the core protein
and its own DNA polymerase (Zhou ef al., 2017). HBsAg
is a complex molecule and is encoded by the Pre-S1 region,
Pre-S2 region and the S gene. Serologically HBsAg has
one group specific antigen determinant “a” and two sets
of mutually exclusive determinants “d” or “y” and “w” or
“r” resulting in four major serotypes adw, adr, ayw and ayr
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(Asad et al., 2015). “w” is commoner that “r”” in USA, but
“r” is commonest in Thailand (Liu et al., 2016). HBsAg
subtle have distinct geographical, epidemiological and
anthropological settings (Li ef al., 2017). Subtypes adr and
adw were mainly found in South Asia and Japan. Subtype
adr is prevalent in South China, adw and ayw in India and
ayw in Mediterranean countries while adw is common in
the Netherland and ayw in Portugal (Li et al., 2017). HBV
can be classified by the homology of entire nucleotide
sequence into at least five genotypes with intra-group
differences of less than 5.6 % and inter-group differences
of more than 8%. Nucleotide substitution, characteristic of
the five genotypes, are distributed on HBV DNA so evenly
that genotypes can be achieved by sequencing only a few
hundred nucleotides (Salarnia et al., 2017).

Pre-S2 region was selected for this study due to its
hypervariability, having point mutations (EI-Mowafy
et al., 2017). Amino acid sequence encoded by the
Pre-S2 region is found highly immunogenic. Of the total
mutations occurring in the HBV genome, 50% occurs
in the hypervariable regions including the Pre-S2. The
mutations in the nucleotide sequence can affect the
virus in two ways: first by interfering with the function
of regulatory sequences and second by the changing the
amino acid sequence of the encoded viral protein, effecting
the clinical course of HBV infection (El-Mowatfy et al.,
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2017). The Pre-S2 region is present immediately upstream
the S region, encoding for the S domain of HBsAg (Liu
et al., 2016). Pre-S2 region is 165 base pairs (coding 55
amino acids) containing three distinct epitopes (Vratnica
et al., 2015). Evidence accumulated so far suggests that
the Pre-S2 peptide plays an important role in immunity
to HBV, which might be involved in the stimulation of
antibodies formation against HBsAg (Chen et al., 2016).
Function of the Pre-S2 encoded amino acids is to bind with
the polyalbumin of the liver cells (Chen et al., 2016). The
HBV-polyalbumin complex is taken up by endocytosis
and in this way HBV enters the cytoplasm or nuclei of
the liver cells. It is reported that response to the Pre-S2
domain is independent of the S domain and it can assist
S domain non responder mice in producing antibodies
through the Pre-S2 specific T cell function (Li et al., 2017).
Significant heterogeneity (greater than 10%) reduces
the efficacy of vaccines and passive immunity reagents
(Liu et al., 2016). This also allows the carriers of Asian
HBYV isolates to go undetected with the current serological
detection kits because most of these vaccines and kits are
developed with European and American HBV isolates.

Materials and methods

Blood samples were collected from clinically
diagnosed HBsAg positive patients from Services Hospital
and Jinah Hospital, Lahore, Pakistan. EDTA was added to
a final concentration of 7.0 mM and plasma extracted by
centrifugation.

Viral DNA was extracted from the plasma using
the published method (Persing et al., 1993). The isolated
viral DNA was subjected to 20 cycles of PCR (94°C
for 2 min, 50°C or 55°C for 1 min, 72°C for 1 min)
amplification in a total volume of 25 pl (master mix 20
ul, Tag DNA polymerase 2 pl and HBV DNA 3 pl). The
PCR was performed in limiting dilutions format. Limiting
dilutions were carried out according to the published
procedure (Brown and Simmond, 1995). This scheme
uses a statistical method to predict that when the HBV
DNA dilution employed contains only a single HBV DNA
molecule then only 1 out of 5 PCR reactions will turn out
to positive. The first set of primers (HepF1 and HepR1),
designed by our lab group at CEMB Lahore Pakistan, with
an optimized annealing temperature of 50°C was termed
as “External Primers”. This amplifies a region of 1.1 Kb
of the HBV genome from nucleotide number 2363 to 283.
The other set of primers (B2833S and B170AS) with an
optimized annealing temperature of 55°C was taken from
a published source (Wait et al., 2016). This pair was
termed as “Internal Primers” which amplifies a region of
about 0.58 kb from nucleotide number 2814 to 185. The
oligonucleotide primer B170AS was further used for the
DNA sequencing (Fig. 1).

HepR1

Sequences (5°-3")

5" GTC CCC TAGAAGAAGAACTCCCTIC 3’

HepF1 (2362nt-2385nt) 5
5" CCC TAGAAA ATT GAGAGA AGTCCA 37
5
5

HepR1(260nt-283nt)
B2833S (2814nt-2831nt)
B170AS (168nt-185nf)

5" GGG TCA CCA TATTCT TGG 3’
" GTC CTA GGA ATC CTG ATG 3’

Fig. 1. Nucleotide sequence and diagrammatic sketch of
primers used in PCR.

The PCR product of external primers was run on 0.8%
low melt agarose gel and the bands of interest was purified
from the gel slice through Wizard DNA purification system
(Promega/Madison, WI, USA) or Sigma’s Nucleiclean Kit.
The gel purified DNA was cloned in the pGEM-T vector
according to the manufacturer’s instructions (Promega/
Madison, WI, USA).

The gel purified PCR product of the external primers
was sequenced through non-radioactive dideoxy chain
termination method (Sanger et al., 1977). The sequencing
reaction and staining of the gel was performed according
to the manufacturer’s instructions (Silver sequence Kit;
Promega/Madison, WI, USA).

Results and discussion

Blood samples were collected from two clinically
diagnosed HBsAg positive patients (labelled as MR02 and
MRO03). According to the medical record of the hospital
one patient (MRO03) was in chronic condition while the
other patient (MR02) was in the acute phase of the disease.
The DNA isolated from the plasma of MR02 was amplified
with the external primers and two out of five positive
reactions were obtained at 1:4096 dilution (having 77 %
probability that it has been amplified from a single HBV
DNA molecule), DNA from one of the band was cloned in
pGEM-T vector after gel purification. The insert was then
removed from the vector through restriction digestion and
sequenced using B170AS primer. The sequence is (5 to
3") 5S'ATG CAG TGG AAC TCC ACA ACA TTC CAC
CAA GCT CTG CTA GAC CCC AGA GTG AGG GGC
CTA TAC TTT CCT GCT GGT GGC TCC AGT TCC
GGA ACA GTA AAC CCT GTT CCG GCT ACT GCC
TCA CCC ATA TCG TCA ATC TCC TCG AGG ACT
GGG GAC CCT GCA CCG AAC3'. This sequence is
completely homologous with the Pre-S2 region sequence
of the HBV subtype adr4, while with the other reported
sequences it shows a variation from 1.2 to 20 % (Fig. 2).
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The second sample (MR03) DNA was subjected
to PCR in dilution format and obtained one out of five
positive (with external set of primers) at 1: 256 dilution.
According to the scheme used for dilutions it (1/5 positive)
has a probability of 90 % that it has been amplified from
a single HBV DNA molecule. This band was gel purified
and directly sequenced with B170AS primer.

The sequence is (5" to 3") 5’ATG CAG TGG AAC
TCC ACA ACA TTC CAC CAA GCT CTG CTA GAC
CCC AGA GTG AGG GGC CTA TAC TTT CCT GCT
GGT GGC TCC AGT TCA GGA ACA GTA AAC CCT
GTT CCG ACT ACT GTC TCA CCC ATA TCG TCA
ATC TTC TCG AGG ATT GGG GAC CCT GCA CCG
AAC3'. This sequence does not show 100 % homology
with any of the reported sequences or with MR02. From
MRO2 this Pre-S2 region sequence of MRO3 differs at four
bases (Fig. 2). All of these four changes are substitutions.
MRO3 varies from the reported sequences by 2.4 to 18 %.

Both ofthese sequences were aligned with the reported
sequences using computer software programme PCGENE
CLUSTAL. According to the analysis both samples are
in close resemblance with the Japanese clone adr4. The
sample MRO2 has 100 % homology with adr4 while
MRO3 has 96.7 % homology. MR02 homology with other
subtypes follows the order adr>ayr>ayw>adw while MR03
shows the following order of homology with other known
types adr4>ayr>ayw4>adw. A phylogenetic tree based
on fourteen HBV Pre-S2 region sequences (containing
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MRO02 and MR03) was prepared using computer software
programme MEGA. The study of dendogram shows the
possibility of Pakistanian HBV isolates to be evolved from
adr ancestral subtype.

Purpose of the PCR amplification in limiting dilution
format was to get homogenous product amplified from a
single HBV DNA molecule. Heterogeneity in the HBV
genome exists in the same subtype even prepared from
a single donor (Ono et al., 1983). The most significant
problem with the amplification of heterogeneous viral
sequences by PCR is artefactual recombination. This
generally occurs during the later cycles of PCR, where there
is insufficient DNA polymerase to complete the synthesis
of all primed DNA strands in the allotted time (Brown
and Simmond, 1995). Partially extended DNA detaches
from its template during the following denaturation step,
then on cooling anneals to any available complementary
strand, synthesis of partial strand is then completed by
copying the wrong sequences. One out of five sequences
are artificial recombinants if a template of about 300 base
pair is subjected to 25 rounds of PCR amplification. The
frequency of recombination increases with the increasing
template fragment size (Meyerhans et al., 1990).

Significant heterogeneity has been observed in the
sequence of the Pre-S2 region of HBV even within the same
subtype (Vratnica et al., 2015). About 12 sequences of the
Pre-S2 region of HBV have been reported so far and none
of these sequences have 100 % homology with each other.

MRO02 ATGCAGTGGAACTCCACAACATTCCACCAAGCTCTGCTAGACCCCAGAGTGAGGGGCCTA
MRO3 ATGCAGTGGAACTCCACAACATTCCACCAAGCTCTGCTAGACCCCAGAGTGAGGGGCCTA
ADR ATGCAGTGGAATTCCACAACAT ICCACCAAGC FCTGCTAGATCCCAGAGTGAGGGGCCTA
ADR4 ATGCAGTGGAACTCCACAACATTCCAC AAGCTCECETGCTAGACCCCAGAGTGAGGGG ECCTA
ADW ATGCAGTGGAAT ICCACIUCCIIUCACCAA(JCICI(JC‘A(J(JAIC’C‘C‘A(JA(JICA(J(J(J(JIC[(J
AYW ATGCAGTGGAATTCCACAACCTTCCACCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTG
ADRQ ATGCAGTGCGGAACT CCACAACATT CCAACAAGCTCTGCAGCGGATCCCAGAGTCAGGGTCCTT
AYW4 ATGCAGTGGAACTCCACAACATTTCATCAAGCTCTGCAGGATCCCAGAGTAAGAGGCCTG
ALPHAl ATGCAGTGGAACTCCACAACCTTCCACCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTG
AYW4 ATGCAGTGGAATTCCACAACATTCCACCAAGCTCTGCAGGATCCCAGAGTAAGAGGCCTG
AYR ATGCAGTGGAACTCCACAACATTCCACCAAGCTCTGCTAGATCCCAGAGTGAGGGGCCTA
ADW4AQ ATGCAGTGGAACTCAACTCACTTCCACCAGGCTCTGTTGGATCCGAGGGTAAGGGCACTG
ADWAQ ATGCAGTGGAACTCAACTCACTTCCACCAAGCTCTGTTGGATCCCAGGGTAAGGGCACTG
ADR ATGCAGTGGAACTCCACAACATTCCACCAAGCTCTGCTAGATCCCAGAGTGAGGGGCCTA
MRO02 TACTTTCCTGCTGGTGGCTCCAGTTCCGGAACAGTAAACCCTGTTCCGACTACTGCCTCA
MRO3 TACT T TCECCTGEGCTGET GG CT CCAGTTCAGGAACAGTAAACCCTGEGTTCCGACTACTGT CECA
ADR TATTTTCCTGCTGGETGGCTCCAGTTCCGGAACAGTAAACCCETGTTCCGACTACTGCCTCA
ADR4 TACTTTCCTGCTGGTGGCTCCAGTTCCGGAACAGTAAACCCTGTTCCGACTACTGCCTCA
ADW TATCTTCCTGECTGGTGGCT CCAGTTCAGGAACAGTAAACCCTGCTCCGAATATTGCCECTCT
AYW TATTTCCCTGCTGGTGGCTCCAGTT CAGGAACAGTAAACCCTGTTCTGACTACTGCCTCT
ADRQ TATTTTCCTGECTGGTGGCTCCAGTTCCGCGGAACAGTAAACCCTGTTCCGACTACTGCCTCT
AYW4 TATTETCCTGECTGEGGTGGET CCAGTTCCECGEGGAACAGTGAACCCETGCGTTCECEGACTACTGCETCA
AILPHAl TATCTCCCTGCTGGTGGCT CCAGTTCAGGAACAGTAAACCCTGTTCECCGACTACTGTCTCT
AYW4 TATTTTCETGCTGETGGET CCAGTTCCEGGAACAGT GAACCECTGTTCECGACTACTGCETCA
AYR TATTETCCTGCTGGTGGETECCAGTTCECGEAACAGTAAACCETGEETCCGACTACTGECECTCA
ADW4AQ TATTTTCCTGCTGGTGGCTCCAGTTCAGGCACGCGCAGAACCCTGCTCCGACTATTGCCTCT
ADWAQ TATTTTCCTGCTGGTGGCTCCAGTTCAGGAACACAGAACCCTGCTCCGACTATTGCCTCT
ADR TATTTTCCTGCTGGTGGCTCCAGTTCCGGAACAGTAAACCCTGTTCCGACTACTGTCTCA
MRO2 CECCATATCGTCAATCTCCTCGAGGACTGGGGACCETGCACCGAAC

MRO3 CCCATATCGTCAATCTTCTCGAGGATTGGGGACCCTGCACCGAAC

ADR CCCATATCGTCAATCTTCTCGAGGACTGGGGACCCTGCACCGAAC

ADR4 CCCATATCGTCAATCTCCTCGAGGACTGGGGACCCTGCACCGAAC

ADW CACATCTCGTCAATCECCGEGAGGACT GGGGACEECTGT GACGATC

AYW CCCTTATCGTCAATCTTCTCGAGGATTGGGGACCCTGCGCTGAAC

ADRQ CTCATTTCGTCAATCTTCTCGAGGATTGGGGACCCTGTAACGAAC

AYW4 CTCATCTCGTCAATCTTCTCGAGGATTGGGGACCCTGCACCGAAC

ALPHAl CCCATATCGTCAATCTTCTCGAGGATTGGGGACCCTGCGCTGAAC

AYW4 CTCATCTCGTCAATCTTCTCGAGGATTGGGGACCCTGCACCGAAC

AYR CCCATATCGTCAATCTTCTCGAGGACTGGGGACCCTGCACCGAAC

ADW4Q CTCACATCATCAATCTCCTCGAAGACTGGGGGCCCTGCTATGAAC

Fig. 2. Alignment of the Pre-S2 region sequences (two samples sequenced in the present study and twelve reported worldwide).
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So it was perhaps not surprising to find that the Pre-S2 re-
gion sequence of Pakistanian HBV isolates described here
were not 100 % homologous with each other. MR02 and
MRO03 DNA sequences reported in the present study vary
from one another and also from the previously reported
ones. MR02 and MRO0O3 DNA sequences differ from one
another by four bases. The first difference is observed at
87" base where there is “C” in MR02 and an “A” in MR03
sequence. The 2%, 3% and 4" variation is at base number
116, 137 and 146 respectively. In all these cases “C” of
MRO2 sequence is replaced by “T”” in MR03 nucleotide se-
quence. It means that there is about 3 % variation between
these two sequences. Due to these changes in nucleotide
sequences, protein sequence of both the samples also vary
from each other at three amino acid residues. Amino acid
residue number 29 is serine in all of the reported HBV
protein sequences and in the protein sequences of MR02
and MRO3. There is a difference of only one nucleotide
in MR02 and MR03 DNA sequence at this position. But
this difference at DNA level does not affect translation as
the amino acid remains the same. In the already report-
ed sequences HBV Pre-S2 region protein sequences (12
sequences) there has been found a variation from alanine
to valine at amino acid residue number 39. An alanine
residue is present at the same position in the sequence of
MRO2 while a valine is present in the sequence of MRO03
Pre-S2 region sequence. The amino acid residue number
46 also varies in both MR02 and MRO3 due to one nucle-
otide substitution. In MRO?2 there is serine while in MR03
there is phenylalanine at the same position. Furthermore,
an amino acid variation was observed at residue number
49. The published HBV protein sequences contain either
threonine (8/12) or isoleucine (4/12) at this position. A
threonine residue is present at the same position in MR02
while isoleucine in MRO03. The effect of these changes on
the structure or function of the protein is not clearly under-
stood and needs further investigation.

Conclusion

The present data does suggest that most of the
Pakistanian HBV isolates tend to belong to the adr subtype
and appear to be derived from adrq ancestral strain
belonging to adr subtype. Proper screening of the blood is
a must before transfusion. Universal precautions when in
contact with blood or blood contaminated objects should
always be followed.
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